vessel, indicating multivessel disease and a poorer short-and long-term prognosis after myocardial infarction. We examined segmental wall motion during the acute phase of myocardial infarction and correlated regional myocardial function with the location and number of coronary stenoses. Segmental wall motion was reassessed in the convalescent period to determine the significance of changes in wall motion over time. To accomplish these aims required a two-part study.
First, we had to establish the predicted distribution of echocardiographically determined asynergy after a one-vessel infarct. Hence, two-dimensional echocardiograms (2-D echoes) were obtained in 51 patients who had angiographic one-vessel stenosis and a recent, but not acute, myocardial infarction. From these patients, the predicted vascular regions of asynergy were defined for an infarct involving each of the three major coronary arteries. In the second phase of the study, we compared the predicted one-vessel infarct regions to the wall motion observed prospectively in 30 patients with acute infarction. Each of these was classified as having either asynergy within a single vascular region or as having asynergy in multiple regions, that is, remote asynergy. A complete clinical data base and predischarge coronary angiograms formed the basis for comparison with segmental wall motion in these patients. Methods
Patients
Group 1 The nonacute infarction population consisted of 55 patients who underwent 2-D echo and coronary angiography after their first myocardial infarction; all had one-vessel coronary artery stenosis, as defined below. In all patients, the 2-D echo and coronary angiography were performed no earlier than 4 days after infarction and no later than 4 months after infarction. The 2-D echo was performed on an average of 15.6 days after infarction, and coronary angiography was performed an average of 16.3 days after infarction. In no instance were the 2-D echoes and coronary angiograms obtained more than 4 days apart. In all cases, the patients were clinically stable when studied; any patient with a change in clinical status, such as ECG changes or unstable angina, between the 2-D echo and angiographic studies was excluded. Coronary angiograms were obtained because of clinical indications in 31 patients, and as part of an informed consent study of prognosis after myocardial infarction in 24 patients. The 55 one-vessel stenosis patients included 41 males and 14 females, mean age 49.3 + 11.2 years. Fifty patients had ECG-localized myocardial infarction: 15 patients had an anterior, eight lateral, and 27 inferior or posterior myocardial infarction. Five of the patients had nontransmural myocardial infarctions by ECG and five had nonlocalized infarcts. All patients had a typical rise and fall of creatine kinase (CK) that was positive for the MB fraction. The peak CK for this group was 819 ± 681 IU/1.
Group 2
To assess asynergy prospectively during acute myocardial infarction, -a second patient population was studied. During a designated 4-month period, all patients admitted to the University of Virginia Hospital for suspected or definite acute myocardial infarction were studied by 2-D echo. The 2-D echo was obtained an average of 10.8 ± 3.1 hours after onset of symptoms; in no instance was the 2-D echo obtained more than 24 hours after admission or 30 hours after the onset of symptoms of acute myocardial infarction. The initial population consisted of 113 patients, of whom 75 developed myocardial infarction diagnosed by a rise and fall in the CK-MB fraction in the appropriate clinical setting. We studied the subgroup of 30 patients who subsequently underwent coronary artery angiography before discharge. The patients were investigated because of suspected ventricular septal rupture (two patients), refractory angina pectoris (four patients), or after informed consent (24 patients). There were 25 males and five females in the acute infarction group (mean age 52.2 ± 9.3 years). In 19 patients, followup 2-D echoes were obtained 4-15 days after admission.
Electrocardiographic Criteria
The appearance of new Q waves 0.04 second in duration was considered diagnostic of a transmural myocardial infarction. Active evolution of the ST segment and T-wave changes without new Q waves were considered diagnostic of a nontransmural infarction. An infarction was considered anterior when the changes occurred in leads V1,; lateral when changes were in leads 1, aVL or V5-6; posterior when there was a tall R wave in V and an RS ratio greater than or equal to 1; and inferior when changes were in lead 2, 3 or aVF. Multiple infarct areas were considered as combinations of the above. The electrocardiographic location of the myocardial infarction was considered indeterminate in the presence of a left bundle branch block or when no diagnostic changes occurred. Prior MI was defined as diagnostic Q waves in a preadmission ECG or a typical history of myocardial infarction with enzyme changes. Among group 2 patients, 29 had ECGlocalized infarcts, all of which were transmural. Infarction was anterior in 12, lateral in three and inferoposterior in 14. Six patients had a prior infarction by history and ECG.
Two-dimensional Echocardiography
Each patient underwent routine 2-D echo performed with a phased-array machine (Varian Associates 3000R) or a mechanical scanner (Advanced Technology Labs 350). The 2-D echo studies were obtained in long-axis and short-axis parasternal, apical and subcostal views. The studies were recorded on videotape for subsequent analysis in real time and slow motion.
The studies were interpreted without knowledge of the patients' history or clinical data, including ECG, enzymes or coronary angiographic findings. Most important, all the 2-D echoes were interpreted together with 2-D echoes obtained from patients who subsequently did not show enzymatic evidence of infarction and had normal 2-D echo wall motion. That is, the studies were read before a final diagnosis was established for all patients undergoing admission echo studies.
Wall motion was graded by three observers and a consensus score was obtained. Wall motion was graded on a five-point scale: -1 = hyperkinetic, 0 = normal motion, 1 = hypokinetic, 2 = akinetic, and 3 = dyskinetic. A segment was defined as akinetic if there was no systolic myocardial thickening, even if slight inward endocardial motion was present during systole. For the purpose of this study, akinetic and dyskinetic segments were considered as a single grade, akinetic. The general term asynergy is used to describe any segment graded hypokinetic', akinetic or dys kinetic.
For analysis, the ventricle was considered to have three short-axis sections (figs. I and 2). The basal section was from the junction of the interventricular septum. and aortic root anteriorly and the mitral valve annulus posteriorly, to the level immediately basal to the tip of the papillary muscles. The midsection included the entire area of the papillary muscles. The apical R section was the area distal to the papillary muscles to5ANE the cardiac apex. The basal and midventricular sectionis were further divided into five segments each:septal, anterior, lateral, posterior, and inferior seg- technique. The three makjor coronary arteries and their branches were examined by two independent observẽ rs to grade the severity of stenosis. Differences in ANTP SE interpretation were resolved by a third reader. A stenosis was considered significant if the luminal diameter E MID~was narrowed by 70% or more in any projection. Only the most severe stenosis was recorded for each ma~jor artery. A stenosis in the branch of a maj'or coronary < LATERAL M~arter was considered to be in the distribution of the E major artery. Single-vessel stenosis was defined as a 70 1c or greater reduction in luminal diameter in no more than one major coronary artery or its branches. FTP E~~F or example, a 70% stenosis of the circumflex marginal branch and an anterior descending diagonal branch would be considered two-vessel stenosis. The posteri-4S E~~~~o r descending artery was considered to be a part of the $ u D~~m ajor coronary artery from which it arose.
Classes of Asynergy
The coronary vascular region for a single-vessel inf arction was defined as the entire zone of akinesis and FIGURE 1LSchematic parasternal views of the 11-segment dyskinesis that was observed. The segmental wall moṽ entricular model. Short axis sections were obtained at the tion scores from group 1 patients (one-vessel disease) level of the mitral valve, papilliary muscles andapex* RV were assigned to one of three coronary vascular reright ventricle; LA = le atrium; LV left ventricle. gions, depending on the site of coronary stenosis. A segment was defined as being within a vessel's vascular region when it was graded akinetic or dyskinetic in at least 10% of patients with an occlusion of that vessel. This procedure established the maximum distribution of akinetic segments for each of the three major coronary arteries, though individual patients seldom had akinesis involving all potential segments. Adjacent, noninfarct asynergy was defined as segments that were contiguous with an akinetic infarct segment and were hypokinetic in at least 10% of patients with a particular coronary stenosis and infarction. Adjacent asynergy was considered a manifestation of one-vessel infarction, even though the abnormal motion occurred outside a single vascular region.
For assessment of group 2 patients in the prospective analysis, remote asynergy was defined as segmental hypokinesis, akinesis or dyskinesis outside a single vascular infarct region (a single vascular infarct region included any associated adjacent, noninfarct areas) as defined from data in group 1 patients. For example, the midseptum was found to be within the vascular region of the left anterior descending artery, whereas the adjacent midinferior wall was in the area supplied by the right coronary artery. The midinferior wall was also frequently graded hypokinetic after a left anterior descending infarct with an akinetic septum. Thus, an akinetic septum and a hypokinetic inferior wall represented one-vessel asynergy with adjacent hypokinesis, whereas an akinetic septum and an akinetic inferior wall were evidence of remote asynergy and multivessel stenosis. Hypokinesis of both the septum and inferior segments was also considered remote asynergy, for neither segment was akinetic as required by the definition for adjacent noninfarct asynergy. In this example, asynergy of both the septum and posterior wall would depict asynergy in separate vascular regions and would indicate remote asynergy. Figure 3 is a schematic of the situations described.
Results

Group 1
Four of the original 55 patients (7%) were excluded because of technically inadequate 2-D echo studies. Eleven of 561 segments (2%) in the remaining 51 patients could not be scored. In 10 random patients, 2-D echoes were reinterpreted to determine the interobserver error. There was complete agreement on wall motion score for 98 of the Ill segments (88%). Figure 4 presents the percentage of patients in whom a segment was hypokinetic or akinetic after an infarct in each of the three vascular regions. At least one segment was akinetic (including segments scored dyskinetic) in 48 of the 51 patients. The three patients with no akinetic segments had at least one hypokinetic segment.
Hypokinesis in segments adjacent to the predicted infarct zone was a common finding. There were 21 hypokinetic adjacent, noninfarct segments in 17 of the 51 patients (25%). By definition, all 21 segments were adjacent to an infarct segment that was either akinetic (12 segments) or dyskinetic (nine segments). The apex was the infarct segment more often bordered by adjacent hypokinesis (nine segments). A dyskinetic apex was more often bounded by adjacent hypokinesis than an akinetic apex (p = 0.03).
The data from figure 4 were used to define the maximum regions of asynergy for an infarct in the distribution of each of the three major coronary vessels. Figure  5 shows the predicted regions of infarct asynergy (either hypokinesis or akinesis), as well as adjacent, noninfarct hypokinesis for each major artery. Only one patient had akinesis in a segment remote from the predicted infarct zone. In this patient, a midseptal segment was graded akinetic in the setting of a proximal right coronary artery stenosis and a dyskinetic basal and midinferior wall. Four patients had a hypokinetic segment outside the infarct zone that did not fulfill the criteria for adjacent noninfarct asynergy. Thus, five patients (9.8%) with one-vessel disease and infarction had asynergy remote from a single vascular region.
Left Anterior Descending Infarcts
The segmental frequency of asynergy for the 19 patients with a left anterior descending coronary artery infarct is shown in figure 4 . The midseptum and apex were the segments most often scored akinetic; the midseptum was akinetic in 15 of 19 patients (78%); the apex was akinetic in 17 (89%). Nine of the patients had a stenosis proximal to the first septal perforator: five akinesis of both the basal septum and basal anterior segments, two only akinetic basal septums patients with middle left anterior descending coronary artery stenosis had akinesis of either basal segment. Akinesis of either the basal septum or basal anterior segment was 100% specific and 89% sensitive for proximal vs distal left anterior descending coronary artery stenosis. The maximum predicted zone of asynergy for a left anterior descending coronary artery infarct is shown in figure 5 . The entire septum and the anterior walls, as well as the apex, may be akinetic. Although the midlateral wall was akinetic in only two patients with a stenosis of the left anterior descending coronary artery, there was frequent hypokinesis (55%) of this segment. Adjacent, noninfarct hypokinesis was potentially found in the basal lateral and the midposterior and inferior segments when these segments were adjacent to akinetic or dyskinetic left anterior descending coronary artery segments.
Circumflex and Right Coronary Infarcts
Circumflex and right coronary vascular regions overlapped considerably. An infarction of either vessel could result in asynergy of the base and middle segments of the posterior and inferior walls. Although the frequency of asynergy was different for the two vessels, they could not be reliably separated by examining only posterior and inferior asynergy. The origin of the posterior descending artery could not be predicted by the observed pattern of asynergy. The most characteristic finding in a circumflex infarct was asynergy of both the lateral and posterior walls. A right coronary infarct often caused distinctive inferior base akinesis and adjacent, noninfarction hypokinesis of the septum. The posterior base was graded akinetic in less than 10% of patients with an infarct of the right coronary artery. This segment was included in the vascular region of the right coronary artery because it simplified the regional models and improved specificity without loss of sensitivity. Group 2 Group 2 consisted of 30 patients in whom 2-D echoes were obtained during the acute phase of myocardial infarction (mean 10.8 + 3.1 hours after the onset of symptoms). All 2-D echoes were adequate for analysis. Five of the 330 segments (1.5%) were inadequate for analysis. The 2-D echo in 19 of the patients was reinterpreted without knowledge of the original reading; the score for 193 of 209 segments (92.4%) was the same.
One-vessel Disease
The predischarge coronary artery angiogram showed one-vessel stenosis in eight patients. In all eight of these patients, acute asynergy was confined to a single vascular region. The severity of asynergy in the acute infarction patients was not significantly different from that in the group 1 patients (nonacute infarction). The frequency of adjacent, noninfarct hypokinesis was similar for the one-vessel disease patients in both groups. Four of eight one-vessel disease patients with acute infarction had compensatory hyperkinesis of remote segments, whereas only one of 22 acute multivessel disease patients had hyperkinesis (p -0.005).
Multivessel Disease
Twenty-two patients had significant (¢ 70%) stenosis in two (10 patients) or three (12 patients) major coronary arteries. Figure 6 shows the significantly stenosed arteries for each patient with individual patterns of asynergy, the ECG site of acute and prior infarction, the presence or absence of remote asynergy, and the peak CK level. Remote asynergy was present in 17 of 22 multivessel disease patients (77%) and none of the eight one-vessel disease patients (p = 0.004). Twelve of the 17 with remote asynergy had at least one remote akinetic segment, and the remaining five had remote hypokinesis. Five of the six patients (83%) with multivessel stenosis and prior infarction had remote asynergy. Twelve of 16 patients (75%) without prior infarction had remote asynergy. The appearance of remote asynergy was related to the severity of stenosis in the noninfarct vessels. Four of the five multivessel disease patients without remote asynergy had only 70% stenosis of a second vessel; patients with only 70-80% multivessel stenosis was significantly less likely to have remote asynergy than those with multivessel stenosis of more than 80% (p = 0.0012).
Peak CK levels from the group 2 patients are presented in figure 7 . Excluding patients with prior myocardial infarction, there was a significant difference between peak CK levels in the one-vessel stenosis patients and the multivessel patients without remote asynergy (877 + 506 vs 301 ± 168 IU/1, respectively; p = 0.025). The multivessel disease patients with remote asynergy had an average CK of 889 ± 797 IU/l (p = 0.06 vs multivessel patients without remote asynergy).
Follow-up Two-dimensional Echocardiograms
Six group 2 patients with acute infarction and onevessel disease and 13 multivessel patients underwent repeat 2-D echo studies 4-15 days after admission. These studies were compared with the acute studies to determine changes in regional wall motion over time. Among the six one-vessel patients, nine segments in three patients that showed initial hyperkinesis reverted to normal on the late study; only one multivessel patient had initial hyperkinesis (p = 0.05). The late study revealed improved motion in two of six onevessel and 10 of 13 multivessel patients (p = 0.06). The one-vessel stenosis patients had improved motion in only one segment each, whereas the multivessel stenosis patients had improvement of 3.1 segments per patient (p = 0.01). Seven of the 10 multivessel disease patients with improved motion improved in a segment remote from the infarct region, whereas three had improved wall motion of an adjacent segment. Improved motion occurred in 17 of 77 (22%) initially hypokinetic segments, 15 of 116 (12%) akinetic segments and one of 19 (5%) dyskinetic segments. The multivessel disease patients with improving asynergy had smaller peak CK than those that did not improve (658 + 702 vs 1868 ± 53 IU/l, p = 0.05).
Discussion
M-mode echocardiography has been used to assess myocardial function during ischemia.9-11 Clinically, the technique has been limited by the difficulty of accurately determining the path of the ultrasound beam through the ventricle and the difficulty of imaging all segments of the left ventricle. The advent of the realtime, 2-D echo allowed tomographic, two-dimensional examination of all ventricular segments.12 13 The 2-D echo accurately detects segmental asynergy in patients with acute myocardial infarction8' 14 and allows assessment of systolic thickening and endocardial motion. Experimental studies have shown that systolic thickening may be a more sensitive predictor of ischemia than endocardial motion.'5 In the current investigation, special attention was directed toward assessing systolic thickening. A segment was graded akinetic if it lacked systolic thickening, even if slight residual inward endocardial motion was noted.
One limitation of 2-D echo is the difficulty in obtain-ing adequate studies in some patients and the qualitative nature of the interpretation. In the current study, three of the original 84 patients were excluded because of inadequate 2-D echo studies. In the remaining 81 patients, 875 of 891 segments (98%) were adequate for analysis. Long-and short-axis views were attempted from parasternal, apical and subcostal transducer positions. Imaging the heart from multiple acoustic windows allowed us to obtain a large percentage of segments adequate for analysis. A potential limitation of the current study is the subjective grading of wall motion, particularly hypokinetic motion. 16 Interobserver variability in this study was good, and reports from this laboratory17 and others"8 have documented the accuracy of subjective determinations of motion by 2-D echo compared with contrast ventriculography. The ability to distinguish normal from hypokinetic motion has been questioned16 because of objective studies demonstrating a large variability in wall motion determined by 2 . Peak creatine kinase by severity ofcoronary stenosis andpresence or absence ofremote asynergy. 1VD, 2VD, and 3VD = one-, two-and three-vessel disease. Patients with onevessel disease (all with single-vessel asynergy) had significantly larger peak creatine kinase than multivessel stenosis patients with only one region of asynergy. Comparing multivessel patients with and without remote asVnergy, the difference in peak creatine kinase level approached significance (p = 0.06). normal subjects.19 20 These studies have limitations in that they rely on still-frame images, which result in degradation of image quality and increase angulation error. 16 Single still-frame images cannot correct for the temporal asynergy that occurs in normal subjects, which would further emphasize apparent variability. Distinguishing hypokinetic motion is important when evaluating adjacent, noninfarction asynergy'-3 or lesser degrees of coronary occlusion or transmural necro-SiS. 22 23 Thus, we elected to recognize hypokinetic motion, but acknowledged the inherent limitations of this determination. Myocardial asynergy in the distribution of an occluded coronary artery has long been considered the physiologic sequela of myocardial infarction.24 Experimental models" 2 and human studies3"', have also shown that asynergy can occur in normally perfused myocardium adjacent to an infarct zone. It is important to examine the impact and prevalence of adjacent, noninfarct asynergy during acute myocardial infarction. Of potentially greater significance is the contribution of additional coronary artery stenosis to the pathophysiology of acute myocardial infarction. Blumgart et al. 4 proposed that occlusion of one coronary artery could interrupt the collaterals to a second critically stenosed vessel and lead to "'infarction at a distance." Less complete interruption of the blood supply to a second stenosed coronary artery could also result in potentially reversible remote asynergy, or "ischemia at a distance. "15.6 Thus, there may be three types of asynergy during an acute myocardial infarction: asynergy in the infarct zone, which would correlate with the location of acute damage; adjacent, noninfarct asynergy in normally perfused segments lying next to the infarcted myocardium; and remote asynergy, or ischemia at a distance, which could occur in patients with significant multivessel stenosis. We sought to examine the 2-D echo detection of these three patterns of asynergy and their relationship to coronary artery anatomy.
RCA & LAD
Asynergy in One-vessel Infarcts
Any study attempting to localize infarction asynergy must start with a precise definition of the expected asynergy in the setting of one-vessel stenosis and infarction. Only in patients with angiographically documented one-vessel stenosis can one reasonably eliminate the influence of additional hypoperfusion or infarction due to a second diseased vessel. The ECG localization and estimation of the extent of an infarction are not sufficiently accurate to rely upon, especially when distinguishing a right coronary from a circumflex coronary artery infarct or when distinguishing between proximal and distal occlusion of the left anterior descending artery.25 26 The vascular regions defined in this report are the result of a functional analysis rather than of pathologic review.
The echocardiographic regions of asynergy found in this study corresponded to what would be expected from knowledge of the anatomic distribution of the three major vessels. A myocardial infarction involving the left anterior descending coronary artery resulted in asynergy in the anterior and septal segments as well as the cardiac apex. The midlateral segment is an area of overlap with marginal vessels from the circumflex and could be asynergic when occlusion occurred in either vessels.27 28 Of potential great prognostic importance was the ability of the 2-D echo to accurately predict whether the left anterior descending coronary artery occlusion was proximal or distal to the first septal perforator. Akinesis of either the basal anterior or basal septal segments correctly localized the site of left anterior descending coronary artery occlusion to above or below the first septal perforator in 95% of patients.
Predicted zones of asynergy resulting from infarcts in the distribution of the left circumflex and right coronary artery showed considerable overlap. Although the percentage distribution of asynergy was different for infarcts in the two vessels, the overlap was too great to allow consistent prediction of the involved vessel in individual patients (fig. 5 ). The frequency of posterior basal akinesis after right coronary artery infarction was low probably because even with extensive distribution of the right coronary artery over the posterior surface of the heart, the basal posterior segment is at least partially supplied by the left circumflex artery.28 29We I~~~~~~~~~~2 observed that patients with acute inferior myocardial infarction frequently manifest posterior basal akinesis, which may not have been present when group 1 patients were studied. Thus, the posterior base was considered potentially within the right coronary artery region. The large number of left circumflex stenosis patients with akinesis of the inferior wall is difficult to explain. The origin of the posterior descending artery from the left circumflex was not sufficient to explain inferior akinesis in left circumflex infarctions. The inferior and posterior segments can be difficult to separate, and some of the grading of these segments might have been incorrect.
Adjacent, Noninfarct Asynergy
Adjacent asynergy was considered to occur when segments that were contiguous with akinetic or dyskinetic infarct zone segments were found to be hypokinetic. Adjacent asynergy was present in 25% of both the acute and nonacute one-vessel stenosis patients. Adjacent asynergy could be due to hypoperfusion of the segment in question. Hypoperfusion of an adjacent segment would be expected if the infarct vessel had an unusually extensive distribution that provided blood flow to the adjacent segment. A recurrent, ascending left anterior descending artery supplying part of the midinferior wall is found in some patients29 and may explain the frequent association of midinferior segment hypokinesis in patients with an infarct due to an occlusion of the left anterior descending coronary artery.
Adjacent asynergy has also been described in normally perfused segments in both animal models and humans. 1-3 7 30 The cause of normal perfusion adjacent asynergy is not known. One explanation might be that adjacent areas have abnormalities of the mitochondria, tissue glycogen, and lactate extraction.3' 32 An alternative explanation is that infarcted muscle fibers in parallel with normal adjacent fibers act as a parallel resistance and impede contraction." 3' 33' 34 The concept of mechanical parallel resistance, or tethering, is supported by our finding that dyskinetic infarct segments were more frequently bounded by adjacent hypokinesis than were akinetic segments, as has been predicted.34 The relatively frequent finding of adjacent asynergy could explain why 2-D echo consistently overestimates the pathologic size of the acute myocardial infarct.
Remote Asynergy
The current study demonstrates that remote asynergy commonly occurs during acute infarction in patients with multivessel stenosis, but does not appear in most patients with one-vessel stenosis. Seventy-seven percent of the patients with significant stenosis (-70% luminal narrowing) of two or more coronary arteries had remote asynergy on the 2-D echoes obtained during the acute phase of infarction. Our data suggest there are two probable causes of remote asynergy: infarction in multiple regions or potentially reversible ischemic asynergy outside the infarct zone. Either manifestation may be operative in a particular patient.
Infarction in multiple regions can be due to prior infarction or to simultaneous infarction in two regions.4 Five of six patients with prior infarction had asynergy compatible with both acute and old infarction. None of the remaining multivessel stenosis patients had either clinical or electrocardiographic evidence of prior infarction. Simultaneous infarction in two vascular regions can be difficult to diagnose, given the prevalence of reciprocal ECG changes. Although the multivessel stenosis patients with remote asynergy had higher peak CK values than the multivessel patients without remote asynergy, the more significant finding was that the multivessel patients who demonstrated late improvement in extent of asynergy had significantly smaller peak CK levels than those whose motion did not improve. The multivessel patients with high peak CK and unimproved asynergy may represent infarction at a distance. The size of myocardial infarction cannot be the sole determinant of remote asynergy, for the peak CK level for one-vessel patients without remote asynergy was comparable to that for the multivessel disease patients with remote asynergy.
Reversible ischemia contributing to remote asynergy is an alternative explanation of our data. Followup 2-D echoes performed 4-15 days after infarction showed an improvement in the remote asynergy in 70% of the multivessel patients. Other investigators have found late improvement in extent of abnormal motion and myocardial perfusion after acute infarction. Schelbert et al. 35 found improvement in wall motion assessed by radionuclide angiography in 37% of patients studied early and late after infarction, while ejection fraction improved in 55%. The size of the initial thallium defect frequently decreases after acute infarction. 36 There are several possible explanations for reversible remote asynergy during an acute myocardial infarction.
Reversible asynergy can be induced when metabolic demands exceed coronary perfusion capacity. Stressinduced asynergy has been documented by contrast ventriculography,37'38 radionuclide angiography,39 and 2-D echo.40 4' During an acute infarction the noninfarcted myocardium is subject to considerable stress. The noninfarcted myocardium must compensate for loss of contractile mass by increased heart rate, catecholamine release42'43 and myocardial filling.2 34' In patients with additional coronary stenosis, these stresses may exceed coronary perfusion capacity, resulting in ischemic asynergy. With time, the ventricle can compensate through a variety of mechanisms34 and reduce the demands on the noninfarcted myocardium, with subsequent improvement in motion. The extent of stress induced by acute infarction is apparent by our finding of acute hypercontractility in 50% of the one-vessel disease patients, as shown by other investigators.2' 42'44, 4''51 Our data, as well as those from animal experiments,2 indicate that infarct size influences the stress on the uninvolved myocardium. The multivessel patients without remote asynergy tended to have smaller peak CK levels and may not have been sufficiently stressed to develop remote asynergy. Oth-er causes of remote asynergy have been proposed. 52' 53 Recent work from this institution demonstrated a reversal of endocardial-epicardial blood flow in animals with an infarct and multivessel stenosis compared with one-vessel stenosis and infarction. 54 Remote asynergy has important clinical implications during an acute myocardial infarction. There are patients with a significant discrepancy between infarct size and observed ventricular function55 that may be explained by the presence of remote asynergy. Wall motion assessments or thallium perfusion defects, as markers of both infarct necrosis and remote ischemia, are highly predictive of prognosis during acute myocardial infarction.6' 35, 55-5 Initial thallium perfusion de-fects56 and 2-D echo motion abnormalities57 predict myocardial infarction outcome more accurately than any combination of clinical factors, including peak CK, prior infarction or prior congestive failure. Remote asynergy may thus contribute substantially to the severity of ventricular dysfunction present during acute infarction in patients with multivessel coronary stenosis.
Previous work has shown that patients with multiple coronary artery stenoses have a worse prognosis after myocardial infarction than patients without multiple stenoses.59 60 Our finding of a close correlation between the echocardiographic detection of remote asynergy and significant multivessel stenoses shows the predictive-prognostic value of early 2-D echo imaging in patients admitted with acute myocardial infarctions. Remote asynergy on the acute 2-D echo correctly identified 77% of patients with multivessel stenoses, a detection rate similar to that obtained with a predischarge submaximal stress thallium test. 61 Resolution of remote asynergy over time identifies a subset of patients with significant residual myocardium at risk. The extent of myocardium at risk is a prognostic factor independent of coronary anatomy. 60 We have reported that the detection of remote asynergy is associated with early reinfarction.57 Hence, the presence of remote asynergy clearly identifies patients with multivessel stenosis and an increased risk for further myocardial events or poor prognosis after acute myocardial infarction.
Several technical considerations may limit the routine use of remote asynergy detected by 2-D echo to predict multivessel stenosis. The quality of the 2-D echo study is critically important if accurate results are to be obtained. The extensive overlap of vascular segments and the high frequency of adjacent asynergy can make detection of multivessel remote asynergy difficult. The prospective knowledge of predicted one-vessel zones of asynergy may result in more critical examination of motion in the overlap segments and, thus, finer distinction of motion. The size of the infarction and the time from onset of symptoms to study can affect detection of remote asynergy. Although the detailed time course of remote asynergy after infarction is unknown, significant changes apparently can occur within 24 48 hours. 35, 36 Detection of remote asynergy would be much less if patients are examined later in the course of their infarction. Medications, particularly nitrates, administered before study could also be an important source of false-negative studies. Smaller infarcts may not induce sufficient stress to produce remote asynergy in additional stenosed coronary vessels. Less severe stenosis of additional coronary arteries may not produce remote asynergy; four of the five multivessel disease patients without remote asynergy had only a 70% stenosis of a second vessel. Although none of the acute one-vessel disease patients had remote asynergy, there was a 9% rate of remote asynergy in the nonacute one-vessel disease patients, indicating a potential for false-positive studies. However, this study demonstrates that careful attention to these limitations allows the finding of remote asynergy on the 2-D echo to aid in the prediction of multivessel stenosis during the acute phase of myocardial infarction.
The 2-D echo determination of severe asynergy allows only limited inference as to the eventual extent of myocardial necrosis. In experimental infarction in dogs, as little as 20% transmural necrosis can produce the findings of complete akinesis, and additional necrosis results in little worsening of the asynergy. 5 Reperfusion of an ischemic segment results in an even greater disparity between wall motion and histologic necrosis.62 A disparity between wall motion and extent of infarction has also been described using contrast ventriculography and histopathologic examination.7' 63. 6 Even in completed infarctions, echocardiographic findings of akinesis cannot exclude the presence of some viable myocardium.
We believe that 2-D echo imaging during an acute myocardial infarction is not only feasible, but offers prognostic and predictive information about the extent of jeopardized myocardium and correlates well with actual coronary artery anatomy.
